Key Summary Points {#FPar1}
==================

The burden of diabetes, its potential complications, and related self-care activities can induce negative psychosocial effects in patients with T1DM.This study aimed to investigate the effects of 3 months' use of FSL on diabetes distress and sleep quality in young adults with T1DM in Saudi Arabia. Additional aims were to assess changes in HbA1c, hypoglycemia episodes, and frequency of blood glucose testing.The data demonstrate improvements in diabetes distress and sleep quality following 3 months' use of FSL in this population. HbA1c and the number of confirmed hypoglycemia episodes per month also decreased. In contrast, the frequency of blood glucose testing increased following 3 months of FSL use.In populations where psychosocial influences are greater, such as young adults, use of flash glucose monitoring devices has the potential to reduce distress associated with T1DM as well as provide positive glycemic outcomes.

Introduction {#Sec2}
============

Type 1 diabetes mellitus (T1DM), or insulin-dependent diabetes mellitus, is an autoimmune disorder characterized by a relative or absolute deficiency of insulin. The onset of T1DM usually occurs in childhood or adolescence, although the symptoms sometimes develop much later in life \[[@CR1]\]. The incidence rate of T1DM has soared in Saudi Arabia over the past 3 decades \[[@CR2]\]. A recent report from the International Diabetes Federation showed that Saudi Arabia has the third-highest number of individuals aged 0--19 years with T1DM in the Middle East and North Africa region, with 3700 new cases of T1DM diagnosed in 2019 \[[@CR3]\].

Living with T1DM is inherently complex and necessitates many self-care activities such as perpetual medication taking, diet control, physical activity, and monitoring of blood glucose \[[@CR4]\]. These behaviors are required to maintain glycated hemoglobin (HbA1c) within the target range to prevent the onset of adverse complications \[[@CR4]\]. The burdens of self-care and living with the complications associated with diabetes or the possibility of their development can bring about negative psychosocial effects in individuals with T1DM \[[@CR4]\].

To ease the burden of self-care and facilitate self-monitoring of glucose, newer technologies have been developed \[[@CR5]\]. An example of such a technology is the flash glucose monitoring system (FreeStyle Libre \[FSL\]; Abbott Diabetes Care, Witney, UK). FSL chemically reads and continuously measures the glucose levels in the interstitial fluid from cells underneath the skin: an ambulatory glucose profile is generated following transfer of the data from the sensor to the reader \[[@CR5]\]. Due to factory calibration, this system removes the requirement for frequent finger pricks that are often used in self-monitoring of blood glucose levels \[[@CR6]\]. Moreover, continuous glucose monitoring allows glucose levels to be monitored overnight with reduced interruption to sleep because of the lack of an alarm system \[[@CR7]\]. Flash glucose monitoring makes self-monitoring of glucose levels more convenient, potentially making it easier for diabetic individuals to comply with such a regimen \[[@CR8]\]. Furthermore, increased awareness of their diabetic condition has been observed in patients using flash glucose monitoring because of the ease of glucose monitoring and a graphic depiction of changes in glucose levels over time \[[@CR9]\]. FSL is thought to have greater cost-effectiveness than self-monitoring of blood glucose despite greater direct medical costs \[[@CR10]\]. Potential disadvantages of FSL include a lack of alarm system to alert the user to low- or high-glucose concentrations as well as a lack of accuracy at low glucose levels, similar to other continuous glucose monitoring systems \[[@CR11]\].

Diabetes-related distress, defined as negative emotions (such as frustration, anger, fear, and stress) of managing diabetes, is one important psychosocial factor that affects glycemic control in young adults with T1DM \[[@CR12]\]. It can stem from feelings of negative social perception, powerlessness, and distress associated with eating \[[@CR13]\] as well as from negative interactions with family, friends, and health professionals \[[@CR12]\]. Many adolescents with T1DM experience diabetes-related distress, and this condition is often associated with suboptimal glycemic control, low levels of self-care, and reduced self-efficacy \[[@CR12]\]. Previous studies of youths with T1DM have shown that chronic diabetes-related distress is associated with higher levels of depressive symptoms and higher HbA1c levels \[[@CR13], [@CR14]\].

An interesting area to investigate is whether the use of diabetes technologies could help alleviate diabetes-related distress in T1DM individuals. The diabetes distress scale (DDS) was developed to measure emotional distress in T1DM and type 2 diabetes mellitus (T2DM) patients; it demonstrates high reliability and validity \[[@CR15]\].

Sleep quality is an important factor that may impact diabetes control \[[@CR16]\]. Children and adolescents with T1DM have shorter sleep duration compared with those without diabetes \[[@CR16]\]. This is likely due to sleep disturbances unique to T1DM, which include recurrent nocturnal hypoglycemia as well as alterations in sleep architecture caused by rapid fluctuations in glucose levels \[[@CR17]\], the need to treat low blood glucose levels overnight \[[@CR18], [@CR19]\], and alarms from diabetes monitoring or treatment devices \[[@CR19]\]. A recent integrative review of 17 original studies on sleep and T1DM reported that young adults with T1DM have large variations in sleep duration, poor quality of sleep, and sleep deficiency \[[@CR20]\]. An improvement in sleep quality has been observed in young children (2--5 years) using continuous glucose monitoring; however, continuous glucose monitoring negatively impacted parents' sleep \[[@CR21]\]. However, the impact of newer diabetic technologies on sleep quality in young adults with T1DM has not been extensively studied.

The Pittsburgh Sleep Quality Index (PSQI) was originally developed in 1989 to measure sleep quality for psychiatric research as well as clinical practice \[[@CR22]\]. The index has since been used to assess sleep quality in patients suffering from T1DM \[[@CR18]\] as well as T2DM \[[@CR23]\]. An Arabic version has been developed and tested in a non-clinical setting \[[@CR24]\] as well as in patients with coronary artery disease \[[@CR25]\].

Previous work has focused on evaluating the effect of flash glucose monitoring on several variables: glycemic control, fear of hypoglycemia and health-related quality of life \[[@CR5]\], and treatment satisfaction and mental well-being \[[@CR26]\] in adolescents and young adults with T1DM in Saudi Arabia. Although this work has demonstrated the positive effects of FSL on such variables, it is currently unknown whether the use of FSL influences other behavioral, lifestyle, and emotional aspects of diabetes. Therefore, the aim of this study is to investigate changes in diabetes distress and sleep quality associated with 3 months of FSL use in young adults suffering from T1DM and treated with multiple-dose insulin injection in Saudi Arabia as part of comprehensive diabetic management. To our knowledge, no such study has previously been performed in this population of patients. Additional aims were to assess changes in HbA1c, hypoglycemia episodes, and frequency of blood glucose testing associated with 3 months of FSL use within this population.

Methods {#Sec3}
=======

Study Design {#Sec4}
------------

A prospective cohort study was conducted in T1DM patients recruited from the Diabetes Treatment Center, Prince Sultan Military Medical City (PSMMC), Riyadh, Saudi Arabia, between March 2019 and October 2019. Patients were sampled using convenience sampling. A sample of 95 T1DM patients aged between 18 and 40 years was achieved. Patients were included if they: used the conventional finger-pricking method for self-testing of glucose, were first-time users of the FSL system, and were receiving insulin treatment via multiple dose injection for at least 6 months prior to study start. Patients were excluded if they: were using another interstitial glucose monitoring system concurrently or had used one in the 6 months prior to study start, had a dermatologic disorder or change at the site of sensor application within 6 months of study start, were diagnosed with any depression disorders or severe or unstable medical conditions, severe hypoglycemia (requiring third-party assistance), diabetic ketoacidosis, or a hyperosmolar-hyperglycemic state in the 6 months prior to study start, or were pregnant at study start.

Patients were assessed at a baseline visit and followed up once at 3 months. Patients attended the diabetes treatment center for their baseline and follow-up visits. Appointments were arranged as per the center protocol for follow-up with the treating physician and educator. At the baseline visit, the FSL sensor was attached to the back of the upper arm by a trained diabetes educator, and patients were educated and trained on the proper application of the sensor. All participants were given contact information of the diabetes educator, who could be accessed at any point of time during this study.

Sample Size {#Sec5}
-----------

Sample size was calculated using Statulator, an online sample size calculator \[[@CR27]\]. Based on detecting a difference of 1 point in the test scores between baseline and 3 months (paired samples) with 95% confidence and 80% power, and assuming a standard deviation (SD) of 3 in differences between baseline and 3 months, a sample size of at least 73 patients was needed. A final sample size of 95 patients was achieved.

Variables {#Sec6}
---------

A trained interviewer provided the patient with the two questionnaires to be completed at baseline and the 3-month follow-up visit: the Arabic versions of the DDS \[[@CR28]\] and the PSQI \[[@CR24]\]. Both questionnaires pose a number of close-ended questions. The Arabic version of the PSQI is a 19-item self-administered questionnaire evaluating quality of sleep \[[@CR24]\]. The 19 items comprise 7 factors: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medications, and daytime dysfunction. A global score is generated by the addition of component scores and ranges from 0 to 21, with a higher score demonstrating poorer sleep quality. The PSQI takes, on average, 8 min to complete. The DDS17 is a 17-item questionnaire examining distress experiences among patients with diabetes. Each individual item is measured on a scale of 1 (no distress) to 6 (serious distress), and an average composite score is also determined. The DDS17 is composed of four subscales: emotional distress (EB), regimen distress (RD), interpersonal distress (ID), and physician distress (PD) \[[@CR15]\]. An Arabic version of the DDS has been developed, which has been shown to be a valid and reliable tool to measure diabetes-related distress in diabetes patients, demonstrating cross-cultural adaptation of the DDS \[[@CR28]\]. The DDS takes approximately 5--8 min to complete.

For the DDS, scores were generated for the four components (emotional burden, physician-related distress, regimen-related distress, and interpersonal distress) as well as an overall score. For the PSQI, scores were generated for the seven components (subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance, use of sleep medication, and daytime dysfunction) as well as an overall score.

Patients' demographic data (age, gender, weight, and height), clinical characteristics (duration of T1DM, HbA1c, number of confirmed hypoglycemia episodes per month, and frequency of blood glucose testing), and treatment history were collected at baseline using a standardized case record form at the baseline visit. Data were sourced from electronic medical records. HbA1c, number of confirmed hypoglycemia episodes, and frequency of blood glucose testing were collected in a similar manner at the 3-month follow-up visit. HbA1c was measured using the COBAS INTEGRA 400 plus/800 analyzers at the central laboratory of PSMMC. Confirmed hypoglycemia was defined as blood glucose ≤ 70 mg/dl. Frequency of blood glucose testing was defined as the average number of blood glucose tests using finger-prick per day at baseline and the average FSL scanning frequency per day at 3 months. A body mass index (BMI, kg/m^2^) variable was generated for each patient based on weight and height measurements at baseline. Categorical variables were generated for BMI as follows: normal (\< 25 kg/m^2^), overweight (25.0--29.9 kg/m^2^), and obese (≥ 30 kg/m^2^).

Participants were then shown how to confirm their blood glucose levels using a capillary measurement and the in-built blood glucose meter reader in the event of imminent and/or suspected hypoglycemia, rapidly changing glucose levels, or when their symptoms failed to match the reading on the system. Data were then collected from the blood glucose meter readers, computed to determine the total number of capillary tests conducted and the frequency of hypoglycemia during the follow-up study period, and subsequently entered into the patient records. When the study was completed, all data from the sensors were computed and the corresponding ambulatory glucose profiles generated to determine the total number of scans performed during the 90-day study period.

Analysis {#Sec7}
--------

Descriptive statistics, including measures of central tendency and dispersion for continuous variables (mean, SD, median, interquartile range \[IQR\], and percentiles) and frequencies with proportions for categorical variables, were used. Distribution of the data was assessed for normality using the Q-Q plot and the Shapiro-Wilk test. Differences between baseline and 3-month variables were assessed using the paired t-test (if normally distributed) or the Wilcoxon matched-pairs signed-rank test (if non-normally distributed). Missing data are presented as such, without imputation. All statistical analyses were performed using StataIC (StataCorp, version 16). For data interpretation, the mean number of scans per day was considered.

Ethics {#Sec8}
------

Participants or their caregivers gave written informed consent to participate in the study. The study protocol was approved by the Research Ethics Committee of the PSMMC in accordance with the Helsinki Declaration of 1964, revised in 2013 (ethical approval no. 1200-HP-01-R079). All participants could withdraw at any point without reason or prior notice.

Results {#Sec9}
=======

Cohort Demographics {#Sec10}
-------------------

A total of 97 patients met the inclusion criteria for the study. However, two of these patients experienced allergic contact dermatitis caused by isobornyl acrylate, part of the adhesive component of the FSL sensor, and were therefore excluded from the study. No patients were lost to follow-up. Analysis was performed on the remaining 95 patients, as shown in Fig. [1](#Fig1){ref-type="fig"}. Baseline characteristics are shown in Table [1](#Tab1){ref-type="table"}.Fig. 1Study flow chartTable 1Baseline characteristics(*N* = 95)Age (years) Mean (SD)20.9 (2.2) Median (IQR)20 (19, 23)Gender Female, *n* (%)42 (44.2) Male, *n* (%)53 (55.8)BMI (kg/m^2^) Normal (18.5--24.9), *n* (%)19 (20.0) Overweight (25--29.9), *n* (%)59 (62.1) Obese (≥ 30), *n* (%)17 (17.9)Diabetes duration (years) Mean (SD)7.2 (2.9) Median (IQR)7 (5, 8)Average blood glucose testing using finger-prick (tests/day) Mean (SD)2.5 (0.9) Median (IQR)2 (2, 3)Confirmed hypoglycemia episodes (number/month) Mean (SD)3.0 (1.5) Median (IQR)3 (2, 4)HbA1c Mean (SD), %8.3 (1.0) Mean (SD), mmol/mol67 (10.9) ≤ 7% (≤ 53 mmol/mol), *n* (%)7 (7.4) \> 7 and ≤ 9% (\> 53 and ≤ 75 mmol/mol), *n* (%)67 (70.5) \> 9% (\> 75 mmol/mol), *n* (%)21 (22.1)*IQR* interquartile range, *SD* standard deviation

Diabetes Distress {#Sec11}
-----------------

DDS significantly decreased from baseline (mean score 3.8) to 3 months (mean score 2.5; *p* \< 0.001), demonstrating a reduction in distress associated with diabetes. All four components of the DDS score decreased over the 3 months (Table [2](#Tab2){ref-type="table"}).Table 2Diabetes Distress Scale (DDS) scoresDDS scoresMean (SD)Wilcoxon matched-pairs signed-rank testBaseline3 monthsEmotional burden3.9 (0.7)2.5 (0.5) \< 0.001Physician-related distress3.3 (0.7)2.4 (0.7) \< 0.001Regimen-related distress4.3 (0.6)2.5 (0.5) \< 0.001Interpersonal distress3.4 (0.9)2.6 (0.7) \< 0.001Total DDS score3.8 (0.4)2.5 (0.3) \< 0.001*SD* standard deviation

Sleep Quality {#Sec12}
-------------

PSQI significantly decreased from baseline (mean score 8.7) to 3 months (mean score 3.9; *p* \< 0.001), demonstrating an improvement in sleep quality. PSQI component scores are shown in Table [3](#Tab3){ref-type="table"}.Table 3Pittsburgh Sleep Quality Index (PSQI) scoresPSQI scoresMean (SD)Wilcoxon matched-pairs signed-rank test**Baseline3 months**Component 1---subjective sleep quality1.8 (0.9)0.3 (0.7) \< 0.001Component 2---sleep latency2.1 (0.5)1.3 (0.5) \< 0.001Component 3---sleep duration1.3 (0.9)0.3 (0.5) \< 0.001Component 4---sleep efficiency1.2 (1.2)0.2 (0.6) \< 0.001Component 5---sleep disturbance1.0 (0.1)1.0 (0.0)1.000Component 6---use of sleep medication0.5 (0.7)0.7 (0.6)0.0037Component 7---daytime dysfunction0.8 (0.6)0.1 (0.3) \< 0.001Global PSQI score8.7 (2.5)3.9 (1.5) \< 0.001*SD* standard deviation

HbA1c, Hypoglycemia Episodes, and Frequency of Blood Glucose Testing {#Sec13}
--------------------------------------------------------------------

Mean HbA1c and the number of individuals with poor control decreased from baseline to 3 months (Table [4](#Tab4){ref-type="table"}). Furthermore, the mean number of confirmed hypoglycemia episodes decreased, and fewer patients experienced five or more episodes per month, demonstrating an improvement in glycemic control (Table [4](#Tab4){ref-type="table"}). The mean frequency of blood glucose testing increased, with more patients undertaking five or more blood glucose tests per day following FSL use (Table [4](#Tab4){ref-type="table"}).Table 4HbA1c, confirmed hypoglycemia episodes, and frequency of blood glucose testingBaseline3 monthsWilcoxon matched-pairs signed-rank testHbA1c, *n*(%) ≤ 7% (≤ 53 mmol/mol)7 (7.4)27 (28.4) \> 7 and ≤ 9% (\> 53 and ≤ 75 mmol/mol)67 (70.5)58 (61.0) \> 9% (\> 75 mmol/mol)21 (22.1)10 (10.5) Mean (SD), %8.3 (1.0)7.7 (0.9) \< 0.001 Mean (SD), mmol/mol67 (10.9)61 (9.8)Confirmed hypoglycemia episodes (number/month), *n* (%) ≤ 115 (15.8)23 (24.1) 2--462 (65.3)69 (72.6) ≥ 518 (19.0)3 (3.2) Mean (SD)3.0 (1.5)2.3 (1.1) \< 0.001Frequency of blood glucose testing per day\*, mean (SD) ≤ 19 (9.5)0 (0.0) 2--485 (89.5)27 (28.4) ≥ 51 (1.0)68 (71.6) Mean (SD)2.5 (0.9)5.2 (1.2) \< 0.001*SD* standard deviation^\*^At baseline using finger prick and at 3 months using FSL scanning

Discussion {#Sec14}
==========

The results of this study demonstrate a significant reduction in both DDS and PSQI scores following 3 months of FSL use in this population of T1DM patients, indicative of a reduction in patient distress and an improvement in sleep quality, respectively. Furthermore, HbA1c and the number of confirmed hypoglycemia episodes per month decreased following 3 months of FSL use, demonstrating greater diabetes control in this set of patients. In contrast, the frequency of blood glucose testing increased following 3 months of FSL use.

Previous studies have examined the effects of FSL on DDS scores. One such study, which investigated 25 adult patients (mean age 39.8 years) attending a T1DM clinic in the UK, demonstrated a significant reduction in DDS scores following 16 weeks of FSL use \[[@CR29]\]. Furthermore, an observational study of 900 patients (median age 42 years) with T1DM at two UK hospitals showed an improvement in overall DDS score in 90% of patients following FSL use (median follow-up 245 days) \[[@CR30]\]. However, a multicenter randomized control trial (RCT) of 241 adult patients (≥ 18 years) with well-controlled diabetes (HbA1c ≤ 7.5%; ≤ 58 mmol/mol) from 23 diabetes centers across Europe showed no difference in DDS (*p* = 0.7634) following 6 months of FSL use \[[@CR31]\]. Such studies have focused on adult T1DM patients and European populations. A prospective study in Saudi Arabia demonstrated a decrease in total DDS score in 187 children and adolescents aged 13--19 years with T1D following 12 weeks of flash glucose monitoring (baseline 2.93 vs. 12 weeks 2.46; *p* = 0.001) \[[@CR32]\]. A recent study reported that continuous glucose monitoring in adolescents with T1DM is associated with lower diabetes-related distress \[[@CR33]\]. Additionally, structured educational programs can aid patients in their understanding and use of FSL and its available glycemic information to optimize their treatment; one such program (FLASH) reported lower DDS scores after 6 months compared with patients who did not participate in the program (*p* = 0.029) \[[@CR34]\]. This indicates that such programs can positively impact monitoring and treatment of T1DM.

To our knowledge, no previous studies have examined the effects of FSL on PSQI scores. A study that is currently being conducted in New Zealand aims to assess the impact of flash glucose monitoring on PSQI following 6 months of FSL use in patients recruited from diabetes clinics (WHO International Clinical Trials Registry no. U1111-1205-5784) \[[@CR35]\]. An online survey of T1DM patients using continuous glucose monitoring reported some patients "sleeping more easily" with the use of such devices, whereas others reported sleep disruptions due to sensor alarms \[[@CR36]\].

The impact of FSL on HbA1c and hypoglycemia has been assessed in several RCTs. One study, conducted in 241 (≥ 18 years) T1DM patients using FSL across 23 European diabetes centers demonstrated a 38% reduction in time spent in hypoglycemia at 6 months versus baseline, but found no change in baseline HbA1c of 6.7% \[[@CR31]\]. Another RCT, conducted in 20 patients with impaired hypoglycemia awareness or severe hypoglycemia at a single site in the UK, showed no significant changes in time spent in hypoglycemia or in HbA1c following 8 weeks of FSL \[[@CR37]\]. An observational study of 25 adult patients (mean age 39.8 years) attending diabetes clinics in the UK demonstrated a reduction in mean HbA1c from 8.0 to 7.5% (64--58 mmol/mol; − 0.48%, *p* = 0.001) following 16 weeks of FSL \[[@CR29]\]. The same study demonstrated a reduction in the frequency of hypoglycemia episodes at weeks 1--2 of FSL use (17 episodes) compared with weeks 15--16 (12 episodes; *p* = 0.019) \[[@CR29]\]. Furthermore, an observational study of patients using FSL at a single site in the UK reported a median HbA1c reduction of 0.2% (IQR---0.7 to 0.3%) \[2.5 mmol/mol (− 8.0 to 2.75 mmol/mol)\] between 2014/2015 to 2016 \[[@CR38]\].

Frequency of flash glucose monitoring scanning has been shown to be associated with improved glycemic control, with lower HbA1c (8.0% \[64 mmol/mol\] in patients scanning the least \[4.4 scans/day\] vs. 6.7% \[50 mmol/mol\] in patients scanning the most \[48.1 scans/day\]; *p* \< 0.001) and reduced time spent in hyperglycemia or hypoglycemia \[[@CR39]\].

Limitations to this study include the use of convenience sampling as well as the lack of a control group. A random sample of patients would be preferable, as would the inclusion of an appropriate control group to evaluate changes in the same parameters in the control group. The study may also be subject to selection bias because of the recruitment of patients by their doctors. Furthermore, there is the possibility of recall bias, as with any observational study using patient questionnaires. The exclusion of patients with a history of severe hypoglycemia is a further limitation as it would be of great interest to study the effects of FSL on diabetes distress and sleep quality in this group of patients. The comparison made between frequency of finger pricks at baseline versus frequency of FSL scanning at 3 months as measurements of frequency of glucose monitoring also has its limitations; however, frequency of FSL scanning is able to provide some indication of the level of glucose monitoring. Future studies should aim to determine any longer-term benefits of FSL in terms of diabetes distress and sleep quality. Larger sample sizes and random sampling would be required in future studies.

Conclusions {#Sec15}
===========

Our data demonstrate a significant reduction in diabetes distress, sleep quality, HbA1c, and confirmed hypoglycemia episodes following 3 months' use of FSL in a population of young adult T1DM patients in Saudi Arabia. In such a population, where psychosocial influences may be greater than in older adults, the use of flash glucose monitoring devices has the potential to reduce the burden of diabetes and improve psychosocial wellbeing. This study contributes additional data to the field and demonstrates the benefits of such technologies in diabetes.
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